: Linearization coefficients.
I. INTRODUCTION
As energy demands around the world increase, the need for a renewable energy sources that will not harm the environment has been increased. Some projections indicate that the global energy demand will almost triple by 2050. Renewable energy sources currently supply somewhere between 15% and 20% of total world energy demand [1] . Wind energy conversion is a fast-growing interdisciplinary field that encompasses many different branches of engineering and science. According to the American Wind Energy Association, the installed capacity of wind grew at an average rate of 29% per year [2] . At the end of 2009, the worldwide installed capacity of wind energy was over 159 MW. The prediction capacity for 2010 is over 203 MW [3] .The wind energy market has grown because of the environmental advantages of harnessing a clean and inexhaustible energy source and because of the economic incentives supplied by several governments [4] .However, there are still many unsolved challenges in expanding wind power. The standard controls as well as recently developed advanced controls for variable-speed, horizontal axis wind turbines have been investigated [5] .
Most of the wind turbines are equipped with self-excited induction generators (SEIG). They are simple and rugged in construction and offer impressive efficiency under varying operating conditions. Induction machines are relatively inexpensive and require minimum maintenance and care. Characteristics of these generators like the over speed capability make them suitable for wind turbine application [6] .Recent advancements in Power Electronics have made it possible to regulate the SEIG in many ways, which has resulted in an increased interest in the use of SEIG for small scale power generation with wind power [7] .
In the last years, Matlab-Simulink has become the most used software for modeling and simulation of dynamic systems. Wind turbine systems are an example of such dynamic systems, containing subsystems with different ranges of the time constants: wind, turbine, generator, power electronics, transformer and grid [8] .
There are two principle-connections of wind energy conversion. The first one is connecting the wind-generator to grid at grid frequency. While connected to grid, grid supplies the reactive VAR required for the induction machines. Often, a DC-link is required to interface the wind-generator system with a certain control technique to the utility grid. The second is connecting the wind-generator system to isolated load in remote areas [9] .
The terminal frequency of a SEIG connected to an isolated load depends mainly on the rotor speed. So, a constant rotor speed brings a constant terminal frequency. The rotor speed of the SEIG is adjusted by regulating the speed of the wind turbine. In this paper, a turbine blade pitch control has been assumed for this purpose. The PID controller which employed for turbine rotor speed control and hence the frequency regulation is proposed and simulated by Matlab-Simulink software package.
II. DYNAMIC MODELING OF THE WIND TURBINE [10]
The wind turbine is characterized by no dimensional curves of the power coefficient (Cp) as a function of both the tip speed ratio(λ) and the blade pitch angle(Β). In order to fully utilize the available wind energy, the value of (λ) should be maintained at its optimum value. Therefore, the power coefficient corresponding to that value will become maximum also.
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The tip speed ratio (λ) can be defined as the ratio of the angular rotor speed of the wind turbine to the linear wind speed at the tip of the blades. It can be expressed as follows:
Where R is the wind turbine rotor radius, Vm is the wind speed and ωt is the mechanical angular rotor speed of the wind turbine.
The output power of the wind turbine, can be calculated from the following equation
Where (ρ) is the air density, and (A) is the swept area by the blades, and
(3) Also, the torque available from the wind turbine can be expressed as:
Then, the aerodynamic torque, Tm can be written as
The fundamental dynamics of the variable-speed wind turbine are captured with the following simple mathematical model:
The moment of inertia of the turbine rotor is represented by Jt; ( t ⋅ ω ) is the angular shaft speed; Tm is the mechanical torque necessary to turn the generator and is assumed constant value commanded by the generator. Because the generator moment of inertia of a direct-drive turbine is generally several orders of magnitude less than (Jt), it has been neglected. The aerodynamic torque has been described previously by equation (5) .
The wind turbine used in this investigation has the specification and parameters which given in appendix (A).
III. DYNAMIC MODEL LINEARIZATION [11]
A traditional approach to design commonly used linear controllers such as proportional-integral-derivative (PID) requires that the non-linear turbine dynamics be linearized about a specified operating point. Linearization of the turbine equation (6) would yield:
Where the linearization coefficients are given by: Here, Δω, ΔVw, and Δβ represent deviations from the chosen operating point, ωt OP , V WOP , and β OP .
Selection of the operating point is critical to preserving aerodynamic stability in this system. The rotational speed operating point, ωt OP , was selected to be the desired constant speed of the turbine, 450 rpm (47.1 rad/sec). The blade-pitch and wind speed operating points were selected as (β op = 90 and V wop = 6.4 m/s).
After Laplace Transformation equation (7) becomes:
The turbine rotor shaft speed can be represented as
Equation (12) describes the linearized model of the wind turbine. Such model is represented by the block diagram shown in Fig. (1) . 
IV. MODEL OF ACTUATOR
The permanent magnet DC motor is used as an actuator turbine blade adjustment, which may be represented by the block diagram shown in Fig.(2) where Ua(s) and Uo(s) are the Laplace transform of the pitch angle input and output respectively, K m is the gain constant, and τm is the time constant of the permanent magnet DC motor. The PID controller is used for controlling the rotor speed. Such controller is illustrated in Fig. (3) , where Δωt(s) represents the input rotor speed (error signal), and ΔUc(s) represents the output pitch angle change.
The transfer function between the input rotor speed and the output pitch angle change can be described as follows:
VI. COMPLETE SPEED CONTROL SYSTEM
The proposed wind-turbine speed control, shown in Fig.  (4) , is simulated by Matlab-Simulink software package.
The systematic approach to PID controller design provides a means of visually observing the effect of gain changes on the Root Mean Square (RMS) speed error [10] .So in order to assess controller performance, the root mean square of the error between the actual rotational speed and the desired rotational speed indicates the capability of the controller to reject the wind speed fluctuations.
The simulation was used repeatedly. Each of the gains was varied over a wide region. Observation of the system response inputs provides direction in choosing gain values.
The PID controller parameters are tuned according this approach to give the optimal performance: K P = 15, K i = 20 and K d = 0.1. The wind speed is changed between 4.7 m/s to 8.1 m/s. In response, the control system will exhibits a corresponding change in blade angle between 5 deg. to 15 deg. in order to keep the rotor speed constant at the reference value 47.1 rad/s, as shown in Fig.(5) . 
